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EVALUATION  OF  REPLACEMENT  RED  SMOKE  DYES 
FOR  1-N  METHYLAMINOANTHRAQUINONE 


1.  INTRODUCTION 

The  objective  of  this  work  was  to  compile  a  list  of  possbile  replacement  compounds  for  the 
dye  currently  employed  to  generate  red  smoke  by  pyrotechnic  methods.  The  red  dye  now  used  is 
1-N  methylaminoanthraquinone. 

2,  METHOD 


A  list  of  dyes  used  or  tested  for  use  in  pyrotechnics  was  compiled  by  reviewing  open 
literature  and  reports  available  in  the  Technical  Library  of  Chemical  Systems  Laboratory. 


Representatives  from  dye  manufacturing  companies  were  consulted  to  determine  whether  any 
new  available  dyes  ;ould  be  employed  for  use  with  pyrotechnic  compositions. 


The  list  of  Food  and  Drug  Administration  dyes  subject  to  certification  (revised  April  1,  1979) 
was  reviewed  for  replacement  dyes.  These  dyes  are  commercially  available,  and  toxicological  testing 
has  already  been  performed  on  each. 

3.  RESULTS 

Table  1  lists  the  dyes  from  the  open,  literature  and  from  reports  in  the  Technical  Library 
which  have  been  used  or  tested  for  use  in  pyrotechnic  smoke  compositions. 

Included  with  the  list  of  dyes  is  the  following:; 

a.  Manufacturer,  if  available. 

b.  Other  names  -  commercial  or  chemical.. 

c.  Colour  Index  (Cl)  number  (Numbers  before  10000  are  no  longei  iisted  in  the  current 
Colour  Index.) 

Table  2  lists  the  Food  and  Drug  Administration  dyes  reviewed.  Current  Colour  Index 
numbers  are  noted. 

Consultations  with  dye  manufacturers  yielded  one  possible  dye,  Rhodamine  B. 


Tablet.  JyeiUtedocTeitedl'oruie  In  Pyrotechnic! 


Dye 


1  Acet^ m:.e  Scarlet  B 

2  AD  687 

3.  AD  722 

4.  AD  779 

5.  Alpha-amino  anthraquinone 

6  Ammo  azobenzene 

7  Ammo  azotoluene-d-n  rphthol 

8  2-Ammo  biphenyl-fl-naphthol 

9  I- Ammo-4 -hydroy  anthraquinone 

10.  Aniline- 1-hydroxy  naphthalene-4-sulfonfc  acid 

1 1 .  Aniline  azo-a-naphthol 

1 2.  5-  Amiinobcnzo  (a)  phcnazme 

13  o-Anuidine-l-hydroxy  naphthalene-4-nilfonic  acid 
14.  p-Amsidine-  1-hydroxy  naphthalene-4-iulfonic  acid 

15  o-Amsidine  azo  a-naphthol 

16  o-Anrodine  azo  resorcinol 
|  17.  4-Amsole  azo  (1-naphthol 

!  18  Azo  Red  K  1858 

I  19  l-(4-Bcnzamido*2,5-dimcthoxy  pnciiylazo)-2-naphthol 
|  20.  l-(2-Biphenylazo)-2-naphthol 
j  21.  Brilliant  Red  R 

j  22.  5-Brom»2<5,7-dibromo-3-oxo-3(2)-indolydine)-3(2}-iiiianaphthenone 

j 

I 

I  23  Cakolake  Red  D 

24  p-Chloroamline-0-naphthol 

1  25.  p-Chlorc-o-anisidme-l-hydrcxynaphthalene-4-aulfonlc  acid 

|  26  4-thlor-2-amsole-;-z»0-naphthol 

j  27  4-Chlor-2,5-dimethoxybenzene-azo^-naphthol 

!  28.  5-Chloro-2-(hydiOxy-l-naphthylazo>p-toluene  sulfonic  acid 
i  29  5,5'-Chloro-6,6'-methylttnoindigo 


Made  by  DuPont 


Celanthrene  Red  3B 
Made  by  ChiPoni 


Roainduline  GX,  Cl  828 


Fait  Blue  BB 
Dry  Red  X9848 
Made  by  Cilco 
Clba  Violet  B,  Cl  1222 
•Cl  73620  (Vat  Dye)» 


Calculate  Red  C 
Sulfanthrenc  Red  3B 
Cl  1212 


Reference 


1,  3 
3 
3 
2 

1,4,5 


1,3.4 

3 

6 

1 

3 

3 

6 

6 

2 

7 

1 

1 

7 

1 

7 

1.3 
3 

2.3 

1.2.3 

1 

1 


30.  4-(p-Chlo:ophenylazo>N,N-dihydroxy  ethylanilme 

31.  4-<pChiorophenylazo>N-ethyl-N<2-hydroxyethyl)  aniline 

32  Cresidine-1 -hydroxy  naphtha)ene-4-sulfomc  acid 

33  1,5-Diammo  anthraquinone 

34.  1,4-Dibenzoylamino  anthraquinone 

35.  2,4-Dichloroamline-d-naphthol 

36.  2,5-Dichloroamline-d-naphthol 
37  2,5-Diethoxyaruline^-naphthol 
38.  9-Diethylamino  rosmdone 

39  9Diethylamino-7-p-tolyl-5-benzo  (a)-phenazinone 
40.  N.N-Diethyl-p.p'-mtrophenylazoanfline 
4!  2,5-Dimethoxybenzene-azod-naphthol 

42.  1,5-Dimethyiaimno  anthraquinone 

43.  l,8-Dimethyl-3.6-dichloro  thioindigo 

44.  442,4-Dinitro  phenylazo)  phenol 

45.  6-Ethoxy-2<amino-benzthiazole-ethylanilol 

46.  5-E(hyl-2-amsole-azod-naphthol 

47.  Federal  Continental  Red 


9-Dtethylammo-7-phenyl-S-fc*nzo  (a)  phenazinone 
(MIL-D-3614) 

Rodndone  1  Mortal  AD 

•Cl  12156  (Solvent  Red  80)* 


1 

1 

3 

4 
l 

4 


1.3 

1.3 

1,2, 5,7 

9-11 

1,7,9 

1  * 
1,2,  3 
6 

3 

1 

1.3 

2 
3 


See  footnote  at  end  of  table. 
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Table  1.  (Contd) 


Dy 

e 

Relcrcncc 

48 

Federal  Independence  Red 

— 

•Cl  12120  (Pigment  Red  3)8 

3 

49 

Federal  Lincoln  Red 

Chlorinated  p-rntro  phenylzao-2-naphthol 
•Cl  12085  (Pigment  Red4)8 

1,3 

50 

Federal  Signal  Red  B 

3,7 

51 

Federal  Smoke  Red  D 

7 

52 

4- Hydroxy-34  2.4-dimcthoxy  phenylazoH  naphthalene 
sulfonic  acid 

1 

53 

4-Hydroxy-3-(p-cthoxyphenyIazo;-l-napthalene  sulfonic  acid 

1 

54 

4-Hydroxy-3-(2-hydroxy-m-tolylazo)-! -naphthalene  sulfonic  acid 

1 

55 

4-Hydroxy-.l-(o-methoxy-p-chlorophonylazo)-l -naphthalene 
sulfonic  acid 

1 

56 

4-Hydroxy-3-(o-methoxyphenylazo)-l-naphthalene  sulfonic  acid 

Azo  Eosine  G 

Cl  114 

1 

57 

2 -U-Hydroxy-l-tiaphthyla/oH -naphthalene  sulfonic  acid 

Lithol  Red  R.  Cl  189 

•Cl  15630  (Ct  Pigment  Red  49)* 

1 

58 

4-Hydroxy-3  phenyiazo-l-naphtha)ene  sulfonic  acid 

1 

59 

1  <2-H>  droxy-m-tolylazo)-  2-naphthol 

Oil  Bronze 

1 

60. 

Indophenol  BG 

1 

61 

Indophenol  RL 

1 

62 

Induline  Base  5G 

Mixture  of  2.3,7-tnarulmo-S-phenylphenaziiium 
chloride  and  2,3,7,8-tetraamlino-5-phenvl- 
phenazimum  chloride 

Cl  860 

63 

Isorosinduhnc 

3 

64 

K1840(see  references  3  and  14) 

Ammonium  salt  of  Lithol  Red 

Manufactured  by  Krebs 

7 

65 

Lithol  Red  Toner 

Manufactured  by  United 

7 

66 

l-(4-Mcthoxy  amlino)  phenylazo>2-naphthol 

Vanamine  Blue  BD 

Made  by  General  Dyestuff  Corp 

1 

67. 

l<2-Methoxy-4-mtrophcnylazoF2-naphthol 

Naphthol  Pink,  Cl  117 

1 

68 

o-Methoxyphenylazo-0-naphthol 

Sudan  R,  Federal  Signal  Red  A,  Brilliant  Fat 
Scarlet.  Calco  Chi  Scarlet  OBN,  MIL-D-3179, 

Cl  113 

Cl  121 50  (Solvent  Red  l)8 

1,  2,  3,  5,  6,  9,  12 

69 

5-Methyl-2-amsole-azo-0-naphthol 

Cl  12155  (Solvent  Ked  17)  8 

2 

70 

4,4'-Mcthyl-6,6'-chlorothioindigo 

Sulfaiithrene  Pink  FF 

Made  by  DuPont 
•Cl  73360 (Vat  Red  l)8 

1 

I  71 

2-(Monobroiiio2-oxo-l(2Facenaphthylidi.ie-3(2)- 

thiar.aphthenone 

Ciba  Red  R,  Cl  1229 
•Cl  73865  (Vat  Dye)8 

1 

72. 

a-Naphthylamme-fl-naphthol 

Federal  Red,  Naphthylamme  Bordeaux 
•Cl  12070  (Cl  Pigment  Red  l) 

3,  4,  6,  8 

;  73 

0-Naphthylamme-f3-naph!hol 

Azo  Turkish  Red 

3,4,6 

:  74 

1  i  1  -Naphthylazo)-2-naphthoJ 

Oil  Red,  Ci  82 

1 

;  75 

1 -(  2-Naph  thyl  a^o>  2-naphthol 

Sudan  CB,  CI  93 

1 

!  76 

1-Nitro-acndone 

1,3 

'  77. 

l-(2-Nitro-o-tolylazo)-2-naphthol 

Toluidine  Toner,  Lithol  Fast 

Scarlet,  Cl  69 

1,4 

78 

2i  2-Ox  o-l(2Facenaphthyhdine)-  3(2)-  thianaphthenone 

Sulfanthrene  Scarlet  Y,  Cl  1228 
•CI  73860  (Vat  Red  45) 

1 

j  79. 

Paramtroaruline 

1,7,13 

! 

Pararutroaruline-diethyhniline 

3 

1  8'. 

Para  Red  Toner 

Made  by  Umted 

7 

82. 

Paratoner  Red 

1,3,14 

'  8’ 

Paratoner  RT  435D 

1 

*  See  Footnote  at  end  of  table  9 
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84.  l-(4-Phenethyl  phenylazo>2-naphthol 

85.  p-Phenetidme- 1  -hydroxy  naphthalene-4-auI fonic  tied 

86.  p-Phenet)'’me-(!-naphthol 

87.  p-Phenvlazo  aniline  hydrocholoride 

88  4-Phenylazo-3-hydroxy-2-naphthotc  acid 

89.  l-(4-Phenylazophenylazo)-2-naphthai 

90.  Pyronine  G 

91.  Rhodamine 

92.  Rhodamine  5GDN  base 

93.  Rhodamine  6GDNEx 

94.  Rosinduline 
95  Rosindone 

%  Saframne  T 


97.  Sodium  salt  of  ocarboxylic  acid  of  benzene- 
azof)-naphthol-3:6-disulphonic  acid 

98.  Sodium  salt  of  4-sulpho-A-naphthalene-azo^- 
naphthol-6-sulphonic  acid 

99.  Sudan  IV 

100.  Tetrazotized  benzidinc-0-naphthol 

101.  Tetrazotized  o-dianisidine-o-naphtho! 

102  fetrazotized  o-tolidine-a-naphthol 

103.  Tetrazotized  o-tohdine-^-naphthol 

1C4.  Thioindigo 

105  Xylidene-0-naphthol 
106.  l-Xylylazo-2-naphthol 


1 

3 

3,6 

1 

Calcoialte  Brilliant  Red  R 

1 

Sudan  III,  Oil  Red.  Cl  248 

1,4 

*CI  45005  (Baric  Dye)  * 

4 

Rhodamine  B,  Rhodame  BEx 

1.4. 14,6 

Cl  749 

10,12,15 

3 

3.4. 10 

3 

True  Roaindone 

7-Phenyl-5-benzo  (a)  phenazinone 

1,3,9 

Mixture  of  3,7-diamlno-23-dimethyl-5-phenyl- 

1 

phenazinium  chloride  and  3,7-diamino- 
2,8-dimethyl-5-0-tolylphenazinium  chloride 

Cl  841,  Made  by  DuPont 

3 

3 

Spirit  Red  IU 

1.4,6,12 

6 

6 

6 

6 

Dunndone  Red  B,  Cl  1207 

1.6 

*CI  73300  (Vat  Red  41)  8 

3.6 

Cairo  Oil  Scarlet  11,  National  Oil 

Scarlet  6G,  Sudan  II,  Sudan  Red 
*C1  12140  (Solvent  Orange  7)® 

1 

*  These  are  the  new  Colour  Index  numbers  as  best  as  can  be  ascertained  from  the  mlormation  available. 


T 


Table  2.  US  Food  and  Drug  Administration  Dyes 


Dye 

Colour  index  number 

1, 

FD&C  #40 

16035 

2. 

FD&C  #3 

45430 

3, 

Citrus  Red  #2 

12156 

4. 

FD&C  Red  #4 

14700 

5. 

D&C  Red  #17 

26100 

6. 

D&C  Red  #31 

15800:1 

7.. 

D&C  Red  #34 

15880:1 

8.. 

D&C  Red  #39 

13058 

4,  DISCUSSION  OF  RESULTS 

Investigators1 ,4> 14  generally  agree  upon  the  following  properties  of  dyes  suitable  for  the 
production  of  colored  smokes: 

a.  The  molecular  weight  must  not  exceed  4S0. 

b.  The  dye  should  be  a  member  of  one  of  the  following  series:  anthraquinone,  azipe,  azo, 
quinoline,  or  xanthene. 

c.  The  following  groups  must  be  absent:  sulfonic,  hydrochloride,  nitro,  nitroso,  quaternary 
ammonium,  and  oxonium. 

d.  The  following  groups  may  be  present:,  amino  and  substituted  amino,  alkyl,  aryl,  chloro,, 
bromo,  hydroxy,  and  alkoxy. 

e.  The  dye  must  not  have  a  tendency  to  undergo  auto  condensation.  Of  the  dyes  reviewed, 
the  following  have  these  properties:; 

0)  Rhodamine  B 

(2)  Sudan  IV 

(3)  1  Xylylazo-2-naphthol 

(4)  Citrus  Red  #2  (2,5  dimethyoxyphenylazo-2-naphthol) 

(5)  9-Diethylaminorosindone 

(6)  O-Methoxyphenylazo-B-naphthol 
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The  first  four  dyes  in  the  list  have  been  shown  to  be  mutagenic  or  carcinogenic  in  studies 
reviewed  in  the  Registry  of  Toxic  Effects  of  Chemical  Substances.1^  In  addition,  Rhodamine  B  was 
listed  as  a  potential  health  hazard  in  a  report  by  Anson  and  Parent,15  and  Citrus  Red  tends  to  flame 
and  decompose  when  disseminated.  For  these  reasons,  these  dyes  were  eliminated  from  further 
consideration. 

The  remaining  two  dyes,  9-diethylaminorosindone  and  o-methoxyphenylazo-0-naphthol,  have 
been  recommended  by  various  investigators  as  replacement  dyes  for  1-N  methylaminoanthraquinone. 

4.1  9-Diethylaminorosindone. 

Until  1960,  9-diethylaminorosindone,  a  member  of  the  azine  class  of  dyes  was  one  of  the 
dyes  specified  for  use  in  the  Ml 8  colored-smoke  hand  grenade.  The  military  specification  for  this  dye 
was  MIL-D-361419  which  replaced  Army  96-111-100.  According  to  Munro  and  Guion,9  9-diethyl¬ 
aminorosindone  produced  a  red  smoke  comparable  in  quality  and  color  to  that  produced  by  1-N 
methylaminoanthraquinone.:  Difficulties  in  obtaining  the  necessary  starting  materials  and  the  difficult 
synthesis  for  the  rosindone  dyes  as  compared  to  the  anthraquinone  dyes  led  to  the  phasing  out  of 
rosindone  dyes  in  favor  of  the  anthraquinone  dyes  by  the  dye  industry. 

No  present  commercial  supp.ier  for  9-diethylaminorosindone  was  located  during  this  study; 
however,  a  former  manufacturer,  Buffalo  Color  and  Chemical  Corporation  (National  Aniline),  located 
in  their  files  a  procedure  for  synthesizing  the  dye.  However,  interest  in  resuming  manufacture  of  the 
dye  was  not  officially  expressed  by  the  company. 

No  toxicological  data1 5-1 8  were  located  for  this  dye. 

4.2  O-Methoxy  phenylazo-B-naphth  ol . 

o-Methoxyphenylazo-0-naphthcl,  a  member  of  the  azo  class  of  dyes,  has  also  been  specified 
for  use  in  pyrotechnics  (MIL-D-3719)  and  was  used  during  World  War  II  by  the  Germans  and  Italians 
in  pyrotechnic  formulations.1 2 

y 

A  thorough  study  of  this  dye  by  Guion4  recommended  that  the  dye  be  used  as  a  replacement 
only  if  1-N-methylaminoanthraquinone  or  9-diethylaminorosindone  could  not  be  used.  The  smoke 
produced  by  this  dye  was  considered  by  Guion2  not  of  the  same  quality  or  hue  as  that  produced  by 
1-N  methylaminoanthraquinone..  In  addition,  the  O-methoxyphenylazo-B-naphthol  had  a  tendency  to 
flame  more  readily  when  disseminated. 

A  commercial  supplier  for  this  dye,  was  located  during  the  study.  BASF  Wyandote 
Corporation,  markets  o-methoxyphenylazo-0-naphthol  under  the  name  of  Sedan  Red  G. 

One  report18  listed  this  dye  as  carcinogen,  based  on  unpublished  data  which  could  not  be 
corroborated.  No  other  toxicological  data  were  found  for  this  dye. 

5.  CONCLUSIONS  AND  RECOMMENDATIONS 

Two  of  the  114  dyes  reviewed  for  this  study  are  recommended  as  candidates  for  replacement  of 
1-N  methylaminoanthraquinone.  The  dyes  are  9-diethylaminorosindone  and  o-methoxy phenylaz'.-0-naphthol . 

These  dyes  have  been  tested  and  used  in  pyrotechnics  and  produce  acceptable  red  smoke. 
There  are  insufficient  toxicological  data  at  this  time  to  assess  the  health  effects  of  these  dyes. 
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